Objectives: To describe the long-term clinical outcome and safety profile of B cell depletion therapy (BCDT) in patients with systemic lupus erythematosus (SLE). It was also determined whether baseline parameters can predict the likelihood of disease flare. Methods: 32 patients with refractory SLE were treated with BCDT using a combination protocol (rituximab and cyclophosphamide). Patients were assessed with the British Isles Lupus Assessment Group (BILAG) activity index, and baseline serology was measured. Flare was defined as a new BILAG 'A' or two new subsequent 'B's in any organ system. Results: Of the 32 patients, 12 have remained well after one cycle of BCDT (median follow-up 39 months). BCDT was followed by a decrease of median global BILAG scores from 13 to 5 at 6 months (p = 0.006). Baseline anti-extractable nuclear antigen (ENA) was the only identified independent predictor of flare post-BCDT (p = 0.034, odds ratio = 8, 95% CI 1.2 to 55) from multivariable analysis. Patients with low baseline serum C3 had a shorter time to flare post-BCDT (p = 0.008). Four serious adverse events were observed. Conclusion: Autoantibody profiling may help identify patients who will have a more sustained response. Although the longterm safety profile of BCDT is favourable, ongoing vigilance is recommended. B cells are thought to play an important role in the pathogenesis of systemic lupus erythematosus (SLE).
B cells are thought to play an important role in the pathogenesis of systemic lupus erythematosus (SLE).
1 B cell depletion therapy (BCDT), based on rituximab, a chimeric monoclonal antibody specific for CD20, has shown considerable promise in the treatment of patients with SLE. 2 More than 100 reported cases were identified in a recent review. 3 We have previously published the short-term outcome of 24 patients with SLE treated with BCDT. 4 BCDT is generally well tolerated, but its long-term safety profile is unknown as most studies have follow-up data of less than 1 year. We now report the long-term outcome of 32 patients with SLE (the original cohort and an additional eight patients) treated with BCDT at our centre. Given the somewhat variable response to BCDT in our patients, we sought to determine if there were any particular clinical or serological profiles which might predict a better response. As part of this ongoing analysis, we determined whether the baseline autoantibody profile with reference to extractable nuclear antigens (ENAs) and complement C3 levels could be used to predict the likelihood of flare after BCDT.
METHODS
Since June 2000, 32 patients with SLE (minimum follow-up of 9 months) have been treated with BCDT after failing standard immunosuppressive therapy. This included 24/32 who had had intravenous cyclophosphamide (CyC). All patients gave informed consent and fulfilled four or more of the revised American College of Rheumatology criteria for SLE. 5 We used a combination protocol of rituximab and CyC with steroid cover given 2 weeks apart. Patients 1-6 (table 1) received two infusions of 500 mg rituximab plus CyC, with a 2-week tapering course of oral prednisolone starting at 60 mg. The remaining patients received 1 g of rituximab plus 750 mg of CyC with 100 or 250 mg of intravenous methylprednisolone. Three patients (Patients 9, 12 and 27) did not receive CyC (one refused, another had an allergy and the other patient remained on methotrexate). Hydroxychloroquine was continued in 24 patients, but all immunosuppressive drugs were stopped at the start of BCDT except in four patients (Patient 15 was started on azathioprine, Patients 27 and 16 remained on methotrexate and azathioprine, respectively, and Patient 32 continued on combination azathioprine/methotrexate).
Patients were followed-up regularly with 1-3 monthly visits. At each visit, clinical activity was assessed using the BILAG (British Isles Lupus Assessment Group) activity index. 6 Bloods were tested by ELISA for baseline anti-dsDNA (anti-doublestranded DNA) antibody titres (normal ,50 IU/ml) and anti-ENA (Shield Diagnostics, Dundee, UK) prior to BCDT. Serum C3 levels were measured using laser nephelometry (normal 0.90-1.80 g/l). The urinary protein creatinine ratio (PCR) was measured for patients with renal involvement. Patients were considered to have achieved B cell depletion if absolute CD19 counts were ,0.005610 9 /litre. A flare was defined as a new 'A' or a new 'B' present on two consecutive occasions in any organ system of the BILAG activity index.
Statistics
Results were analysed with the Prism and SPSS software programs. Wilcoxon matched-pairs signed-rank test was used to compare global BILAG scores and laboratory results before and after BCDT. Baseline anti-ENA profiles of patients who flared versus those who did not post-BCDT were compared with Fisher's exact analysis.
Multivariable logistic regression analysis was used to identify any independent predictors of flare. Kaplan-Meier curves were generated to compare baseline serum C3 levels with time to flare post-BCDT.
RESULTS
The mean age was 34 years (range 21-54) and all but two subjects were females. The mean duration of disease and follow-up after BCDT was 11 years (range 0.7-27 years) and 39 months (range 9-78 months), respectively. Two patients were excluded from analysis (Patient 1 was lost to follow-up Abbreviations: BCDT, B cell depletion therapy; BILAG, British Isles Lupus Assessment Group; CyC, cyclophosphamide; dsDNA, double-stranded DNA; ENA, extractable nuclear antigen; PCR, protein creatinine ratio; SLE, systemic lupus erythematosus at 3 months and Patient 18 did not deplete after BCDT). Twenty-eight of 30 patients (93%) had follow-up for at least a year.
BCDT resulted in a decrease of median global BILAG scores from 13 (95% CI 11 to 15) to 5 (95% CI 4 to 6) at 6 months (n = 29, p,0.0001). We observed improvements of a wide spectrum of clinical features, but no identifiable features predicted a better response in this heterogenous cohort. There was corresponding serological improvement with a decrease of median anti-dsDNA antibody levels from 164 (95% CI 246 to 1022) to 58 (95% CI 87 to 509) IU/ml (p = 0.006) and an increase of median serum C3 from 0.73 (95% CI 0.60 to 0.88) to 0.90 (95% CI 0.80 to1.1) g/litre (p = 0.007). Patients with renal involvement (n = 21) had a decrease of median urinary PCR from 446 to 190 mg/mmol at 6 months, although this was not statistically significant (p = 0.06).
Of the 30 patients, 12 have remained well after one cycle of BCDT, with no flare. The mean time to flare after BCDT (n = 18) was 10 months (range 3-28). Five patients flared ,6 months post-BCDT, half (9/18) had a flare between 6 and12 months post-BCDT and the remaining four patients relapsed after 12 months. The mean follow-up duration for patients who flared versus those who did not was 39 and 35 months, respectively. The median duration of B cell depletion was 4 months (n = 24, range 2-10). One patient (Patient 3) remains depleted and well on low-dose prednisolone 6 years after BCDT, although her serum IgM levels remain low, with normal IgA and IgG levels. We have re-treated 10 patients who relapsed with at least another cycle of rituximab. The outcome of re-treatment is described in detail elsewhere. 7 Minor adverse events noted were CyC-related microscopic haematuria (n = 1) and mild neutropenia (n = 1) which was self-limiting. Four serious adverse events were observed. 
DISCUSSION
The results of our study suggest that combination BCDT can be a therapeutic option for refractory SLE patients, with a favourable long-term safety profile. One-third of patients remain well after BCDT without introduction of further standard immunosuppressive drugs. Of the patients who relapse after BCDT, most flares occur between 6 and 12 months post-BCDT, usually several months after repopulation of B cells. One patient in our study developed severe pneumococcal sepsis following BCDT, and we recommend that, where possible, antipneumococcal vaccination should be carried out prior to BCDT treatment in all patients. Anti-pneumococcal responses are preserved after one cycle of BCDT in patients with SLE for at least 1 year. 8 Another patient had a provoked seizure related to hyponatraemia after the first infusion of CyC. Hyponatraemia and water intoxication have been reported after administration of low-dose CyC. 9 Although fluctuations do occur, anti-ENA levels as a whole generally remain unchanged after BCDT, 8 suggesting their production by longer lived plasma cells. We found that positive baseline anti-ENA was an independent predictor of relapse. This suggests that although disease activity was reduced by BCDT, the association of an expanded autoantibody repertoire, indicative of a more established autoimmune response, may result in a more protracted clinical outcome. It was intriguing that BCDT, like conventional immunosuppression, tends to lower pathogenic antibodies such as anti-dsDNA 10 but has little effect on anti-ENA. 11 This may imply that certain B cell populations are more susceptible to these therapeutic approaches than others. In this study, the statistical analysis was limited by small patient numbers and the heterogeneity of the cohort; however, we observed that patients with low baseline C3 levels tended to have an earlier flare. Although it has been shown that the efficiency of depletion of lymphoma cells may be influenced by the integrity of the complement system, 12 we did not observe any relationship between the duration of peripheral B cell depletion and flare.
In conclusion, baseline autoantibody profiling with reference to anti-ENA may help identify patients who will have a more sustained response from BCDT. This study also provides some reassurance that BCDT in lupus is safe on a long-term basis. 
